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Abstract. In order to analyse the implications of forest fragmentation for the conservation of leaf-litter lizards, the impor¬ 
tance of fragment size was examined at 21 forest sites within a continuous forest on the Atlantic Plateau of Sao Paulo state, 
southeastern Brazil. The fragments were 7-43 ha in size and had different percentages of habitat loss (37-95%). The spe¬ 
cies recorded, with the exception of Enyalius iheringii, presented low abundance, which may indicate their unsuitability 
for occupation or lizard inability to recolonize isolated remnants. Our results suggest that the conservation of these leaf- 
litter lizards depends on the maintenance of large portions of continuous forests and not on the size of remnant patches. 
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Introduction 

The fragmentation of natural ecosystems is one of the ma¬ 
jor consequences of high levels of anthropic disturbance 
(Viana & Pinheiro 1998, Zanella 2011). In the Atlan¬ 
tic Rainforest, most forest remnants, especially those lo¬ 
cated in intensively cultivated landscapes, are small, highly 
disturbed, isolated, little known, and unprotected patches 
(Fonseca 1985, Viana 1995, Morellato & Haddad 2000, 
Ribeiro et al. 2009). This biome has high levels of biologi¬ 
cal diversity and endemism and is among the most seri¬ 
ously threatened hotspots in the world (Myers et al. 2000). 
Currently, it is reduced to about 11% of its original cover 
(Ribeiro et al. 2009). 

A total of 248 species of lizards are currently known 
from Brazil (Bernils & Costa 2012), with 87% of these be¬ 
ing found in the Atlantic Forest. In the state of Sao Paulo, 
which includes phytophysiognomies typical of Cerrado in 
addition to the Atlantic Rainforest biome, the group is rep¬ 
resented by about 212 species (Zaher et al. 2011). 

The effects of fragmentation sensu lato, reduction of 
patches, and degree of isolation are still little known to the 
herpetofauna, especially in Brazil (Dixo 2005), and they 
may contribute to the decline of reptile populations (Gib¬ 
bons et al. 2000, Araujo et al. 2006, Dixo & Verdade 
2006, Hawlena et al. 2010). In a study conducted by Dixo 


& Metzger (2009) in Caucaia do Alto (Estado Sao Paulo = 
SP), lizards responded negatively to fragmentation by pre¬ 
senting a lower richness in the patches compared to other 
forested areas of the Atlantic Plateau of Sao Paulo (Cotia/ 
Ibiuna). Variations in the richness and abundance of liz¬ 
ards in fragmented landscapes depend on structure char¬ 
acteristics, in particular the size of patches, as well as in¬ 
trinsic characteristics of the habitat (Dixo & Metzger 
2009). Not only is the size of a protected area critical for 
maintaining species abundance and richness, but also the 
shape of the remnant patches and the microclimatic condi¬ 
tions that it provides (Vallan 2000, Michael et al. 2010). 

The few existing studies on reptiles, especially lizards, 
provide only an idea of the uneven effects of fragmentation 
on this group. Smith et al. (1996) studied lizards in forest 
remnants of Eucalyptus salubris in Australia and found that 
the lizards in remnants were subsets of pre-fragmented as¬ 
semblies, indicating an arrangement of nested subsets most 
likely due to differential vulnerability for each species and 
local extinctions (Lomolino 1996, Worthen 1996). Similar 
effects were also reported by Hager (1998) for North Amer¬ 
ica and Cosson et al. (1999) for French Guyana. Species that 
occur in low densities were considered more susceptible to 
declines due to stochastic processes (Karr 1982, Shaffer & 
Samson 1985, Goodman 1987, Pimm et al. 1988, Wissel & 
Stocker 1991, Tracy & George 1992, Henle et al. 2004). In 
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addition, specialist species were considered more susceptible 
to local extinction than generalists, since specialized habitats 
are less likely to occur or more likely to be degraded into 
smaller areas, and specialist species are less able to use sur¬ 
rounding forest or corridors for recolonization (Humphreys 
& Kitchener 1982, Bennett 1991,1992,1999, Sarre et al. 
1996, Foufopoulos & Ives 1999, Henle et al. 2004). 

Studies considering the synergistic effects between habi¬ 
tat loss and habitat configuration on the maintenance of 
species in tropical forest regions are still rare for the Neo¬ 
tropics (Dixo 2001,2005, Freire 2001, Silvano et al. 2003, 
Bell & Donnelly 2006, Develey & Metzger 2006), and 
there is no consensus regarding the influence of these fac¬ 
tors on lizard communities (Smith et al. 1996, Burbrink 
et al. 1998, Maisonneuve & Rioux 2001, Driscoll 2004, 
Bell & Donnelly 2006). 

The main goal of our research was to investigate the in¬ 
fluence of the size of forest fragments on the abundance, 
richness and diversity of leaf-litter lizards in a fragment¬ 
ed landscape on the Sao Paulo Atlantic Plateau, where 
only 11% of the original forest cover is left. We expected 
that decreased fragment/area size would show in a lower 
abundance, richness and diversity of lizards. If this theory 
proved true, we expected that patch size would have an ef¬ 
fect on the conservation of leaf-litter lizards. The present 
study also aims at contributing to the knowledge of the dis¬ 
tribution of the lizard species in the area. 

Material and methods 

Study area 

Our study was carried out on the Atlantic Plateau of 
Sao Paulo state, southeastern Brazil, in the municipali¬ 
ties of Ribeirao Grande and Capao Bonito (24 o 05’i4” S, 
48°2o’53” W). The entire study area was originally covered 
by Atlantic Forest, classified as Lower-Montane Atlantic 
Forest (Oliveira-Filho & Fontes 2000), but is reduced 
to fragments at medium to advanced stages of succession 
today (Teixeira et al. 2009). The area is characterized as a 
highland region (Pon^anc) et al. 1981), with slope inclines 
greater than 15% and altitudes varying between 800 and 
1,000 m above sea level (Ross & Moroz 1997). The climate 
is 'Cwa' and 'Cfa' of Koppen (1948), subtropical and humid 
subtropical, with annual rainfall varying between 1,221 and 
1,807 mm > and mean annual temperature varying between 
18 and 22°C for both municipalities (Cepagri 2007). 

The study area is notable for being located adjacent to 
wide expanses of forests present along the Serra do Mar, 
Serra de Paranapiacaba, and Parque Estadual Intervales. 
Ribeirao Grande and Capao Bonito have undergone ma¬ 
jor antropic change and fragmentation, currently featuring 
widely isolated remnant patches of forest. Of their com¬ 
bined 100 ha, only 11% are forested. The landscape matrix 
is composed of open areas, with approximately 45% used as 
pastures for livestock and 34% for crop farming. The urban 
and rural installations take up about 1% of the land, and 
water covers approximately 1%, too. 


Table 1. Characteristics of the sampled areas: fragment name, size 
category (SF - small fragment; MF - medium fragment; L - large 
fragment; CT - control area), area, and habitat loss. 


Name 

Category 

Area (ha) 

Flabitat loss (%) 

Alteres 

MF 

32.3 

82.54 

Boiadeiro 

SF 

7.02 

94.90 

Bojado 

LF 

43.57 

79.10 

Citadini 

LF 

43.66 

58.97 

Cromossomo 

MF 

19.73 

80.67 

Divisa 

LF 

92.34 

64.38 

Harpa 

MF 

16.01 

84.40 

Lira 

SF 

6.66 

89.57 

Machucado 

MF 

12.79 

88.23 

Meninas 

SF 

7.18 

90.40 

Padre Pedro 

SF 

6.39 

93.39 

Paulo Nunes 

SF 

7.58 

86.21 

Pedro Onorio 

MF 

12.03 

89.34 

Radialista 

SF 

9.25 

83.14 

Yoko 

MF 

11.63 

86.51 

Cogumelo 

CT 

- 

41.28 

Moacir 

CT 

- 

43.81 

Mulheres 

CT 

- 

39.07 

Museros 

CT 

- 

39.11 

Paraguai 

CT 

- 

37.95 

Tres Quedas 

CT 

- 

46.02 


Sampling design 

Sampling was undertaken at 21 sites in 15 forest patch¬ 
es and six sites in continuous forest (control areas = CT). 
The fragments were classified in three size classes: large 
(> 40 ha, N = 3; LF), medium (10-40 ha, N = 6; MF), and 
small (6-9 ha, N = 6; SF) (Table 1, Fig. 1). 

Leaf-litter lizard sampling 

Our survey of leaf-litter lizards was carried out as per a 
standardized sampling protocol with pitfall traps (Condez 
et al. 2009, Dixo & Metzger 2009) at all 21 sites. At each 
site, the traps were arranged in one line containing 11 buck¬ 
ets of 60 litres along 10 m of drift fence (50 cm high) each, 
producing a series of 100 m in length. During the sam¬ 
pling period, the traps remained open around the clock 
and were inspected daily between 7:00 and 12:00 h. For all 
21 sites, lizard sampling was undertaken during the rainy 
season in two campaigns of 16 nights each, totalling 32 
nights per site and 7,392 traps per night. The first campaign 
was carried out during eight nights in November of 2005 
and January of 2006 each, and the second one during eight 
nights in November of 2006 and January of 2007 each. Liz¬ 
ards captured in the traps were photographed, identified to 
species level, and released near their collection sites. Ani¬ 
mals found dead were fixed in 10% formaldehyde and de- 
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posited in the herpetological collection of the Museu de 
Zoologia da Universidade de Sao Paulo (MZUSP) accord¬ 
ing to collection licence number 0177/05 (IBAMA - In¬ 
stitute Brasileiro de Meio Ambiente e Recursos Naturais 
Renovaveis). 

Data analysis 

Habitat loss (HL) was calculated based on a detailed 
mapping done from an aerial photograph (SPOT; scale 
1:10,000) obtained in 2005. We plotted a circumference 
of radius 800 m (buffers) around the central point of each 
fragment. Buffers were constructed from the geographical 
coordinates of the first bucket of the pitfall line with the aid 
of the software ArcGIS 9.2 (ESRI 2006). HL metrics were 
calculated with the software Fragstats 3.3 (McGarigal & 
Marks 1995) from raster images (resolution 10 m). 


In order to examine species richness at each sampled 
site, rarefaction curves (Gotelli & Colwell 2001) were 
calculated with the software Estimates 7.5.0 (Colwell 
2005) with 1,000 randomizations. Each day the traps re¬ 
mained open was considered a sample, producing 32 sam¬ 
ples for each site. For each field trip and for each one of the 
21 sampled sites, we considered the following dependent 
variables: richness (number of species), species abundance 
(total of captured individuals within the 16 days of each 
campaign), and total abundance (total of the abundance of 
all species trapped during the same period). 

We used R (R Development Core Team 2015) for com¬ 
paring species total abundance and richness between the 
four categories (small, medium, and large fragments, and 
control areas). Data were subjected to generalized linear 
modelling: Poisson and logistic regressions with a logit link 
and binomial error distribution (presence/absence data) 
(McCullagh & Nelder 1989). 
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Figure 1. Location of the study site in the state of Sao Paulo, southeastern Brazil, and map of the forest remnants in the Ribeirao 
Grande and Capao Bonito region with the 15 sampled fragments. 
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Table 2. Leaf-litter lizard species, their abundance, and richness, 
recorded from 21 sampled sites. N - number of patches per size 
class. 


Species 

Small 

(N=6) 

Fragments 
Medium Large 

1 (N=6) (N=3) 

Control 

areas 

(N=6) 

Total 

Gymnophthalmidae 






Colobodactylus taunayi 

0 

1 

0 

1 

2 

Ecpleopus gaudichaudii 

0 

0 

0 

3 

3 

Heterodactylus imbricatus 

0 

0 

0 

1 

1 

Placosoma glabellum 

4 

5 

1 

2 

12 

Leiosauridae 






Enyalius iheringii 

23 

26 

19 

35 

103 

Urostrophus vautieri 

0 

1 

0 

0 

1 

Total Abundance 

27 

33 

20 

42 

122 

Total Richness 

2 

4 

2 

5 

6 


Prior to analysis, data were checked for normality (Kol- 
mogorov-Smirnov test) and homogeneity of variance of 
the dependent variables between the analyzed categories 
was tested with the Bartlett and Levene test. When 
necessary (only for simple regressions), data were convert¬ 
ed (logarithm or scoring). Simple regressions were per¬ 
formed to examine the relationships between lizard rich¬ 
ness and abundance and fragment area. 

Results 

We captured 122 individuals belonging to two families and 
six species (Table 2). The most abundant species was En- 
yalius iheringii representing 84.42% of the total of recorded 
individuals, followed by Placosoma glabellum (10%). An¬ 
other two species together accounted for 16% of all lizards 
trapped in the region. A greater richness was found in con¬ 
trol areas, where representatives of five out of the six spe¬ 
cies occurring here were recorded (Table 2). Richness in 
the large and small fragments (2 spp.) was lower compared 
to medium-sized fragments (4 spp.). The number of spe¬ 
cies observed per sampled site varied from zero (“Meni- 
nas” “Radialista”, “Machucado”, and “Padre Pedro” patches) 
to three (“Tres-Quedas”, control-area). The total observed 
richness equals six species, just a little bit below the range 
of the number of species estimated by Jackknife 1 estimator 
(8 spp.) (Table 3). The Shannon diversity index (H’) varied 
between 0.30 and 0.83 (Table 3). 

Rarefaction curves based on the number of samples 
(Fig. 2) do not tend to stabilize when control areas and frag¬ 
ments were considered together. They indicate that prob¬ 
ably not all leaf-litter lizard species present were collected in 
our pitfall traps (Fig. 2). When we considered each size class, 
we could verify that the small (SF) and large fragments (LF) 
curves were closer to the asymptote. The medium fragments 
curve (MF) presented a high degree of slope, and finally the 
control areas (CT), as we expected, held a higher number of 


Table 3. Diversity of lizards in the sampled fragments. Size classes 
of fragments (Size), Abundance (Ab), observed richness (R_obs), 
estimated richness by Jackknife (R_Jackl), and Shannon diversity 
index (FT). 


Fragment 

Size 

Ab 

R_obs 

R_Jack_l 

H’ 

Boiadeiro 

SF 

10 

1 

1.00 

0.00 

Lira 

SF 

19 

2 

2.00 

0.44 

Meninas 

SF 

0 

0 

0.00 

0.00 

Paulo Nunes 

SF 

1 

1 

1.97 

0.00 

Padre Pedro 

SF 

0 

0 

0.00 

0.00 

Radialista 

SF 

0 

0 

0.00 

0.00 

Alteres 

MF 

8 

1 

1.00 

0.00 

Cromossomo 

MF 

6 

1 

1.00 

0.00 

Harpa 

MF 

14 

2 

2.00 

0.60 

Machucado 

MF 

0 

0 

0.00 

0.00 

Pedro Onorio 

MF 

2 

2 

3.94 

0.69 

Yoko 

MF 

3 

2 

2.97 

0.64 

Bojado 

LF 

4 

1 

1.00 

0.00 

Citadini 

LF 

12 

1 

1.00 

0.00 

Divisa 

LF 

1 

1 

1.97 

0.00 

Cogumelo 

CT 

7 

1 

1.00 

0.00 

Moacir 

CT 

3 

2 

2.97 

0.64 

Mulheres 

CT 

11 

2 

2.97 

0.30 

Museros 

CT 

7 

2 

2.97 

0.41 

Paraguai 

CT 

1 

2 

1.97 

0.00 

Tres Quedas 

CT 

13 

3 

3.00 

0.83 

Total 


122 

6 

7.94 

0.61 



Figure 2. Rarefaction curves of species in the four size classes 
from sampled fragments, made from 1,000 randomizations in the 
order of the samples (CT - control area; SF - small fragments; 
MF - medium fragments; LF - large fragments; TOT - fragments 
+ control areas). 
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species. Poisson regression revealed no significant correla¬ 
tion comparing the response of the lizard community, rich¬ 
ness (p = 0.2128) and total abundance (p = 0.2607) to patch 
size (control areas, small, medium, and large fragments). No 
relation was found when species detections were subjected 
to logistic regression (p = 0.95). Even from the two species 
for which the number of captured individuals allowed sta¬ 
tistical analysis, E. iheringii and P. glabellum, neither exhib¬ 
ited significant relations to the four fragment size classes, 
with p = 0.148 and 0.333, respectively. 

The simple regressions showed no relations between the 
logarithms of the patch size classes and richness (N = 15, 
R 2 = 0.00, p = 0.792), total abundance (N = 15, R 2 = 0.00, 
p = 0.440), and abundance of E. iheringii (N = 20, R 2 = 
0.00, p = 0.418), respectively. 

Discussion 

Despite the low richness of leaf-litter lizards in the area, the 
number of species was expected for the region as a whole, 
and it is similar to other localities in the Atlantic Rainfor¬ 
est. Dixo & Verdade (2006) reported the presence of five 
lizard species in the Reserva Florestal do Morro Grande. In 
Tapirai, also in the domain of the Atlantic Rainforest, eight 
species were recorded (Condez et al. 2009). 

Different from what we expected, lizards had not re¬ 
sponded to the decrease in area and fragmentation with 
regard to both the richness and abundance of species in 
remnant patches. The lizard assemblage of the Ibiuna Pla¬ 
teau was sensitive to fragmentation per se, but not to patch 
size or connectivity (Dixo & Metzger 2009). Other stud¬ 
ies have also found positive responses to fragmentation 
(Sarre et al. 1995, Smith et al. 1996, Driscoll 2004, Bell 
& Donnelly 2006). Other surveys carried out in north¬ 
eastern parts of the Atlantic Forest, where the landscape 
still has large patches of remnant vegetation (49%) and a 
permeable matrix that reduces the degree of isolation be¬ 
tween patches, the responses were negative (Dixo 2001, 
Silvano et al. 2003). 

The species recorded, with the exception of E. iherin¬ 
gii, occurred at low abundances at the sampled sites, which 
may indicate their unsuitability for occupation or lizard 
inability to recolonize isolated remnants. This suggests a 
rather irregular distribution that can be related to specific 
local factors, such as the structure of the habitat, but our 
data did not allow analyses in this respect. As found by 
Nally & Brown (2001) in Australia, even large ‘blocks’ of 
forest (> 10,000 ha) may not offer the refuge required by 
reptiles, and as we know relatively little or nothing about 
the ecological requirements of most species, more detailed 
work is needed to develop better conservation planning. 

Enyalius iheringii, the most abundant species at the 
sites, was not found to be influenced by the fragment size, 
with the same result having been concluded for E. perdi- 
tus in Ibiuna and Tapirai (Dixo & Metzger 2009, Con¬ 
dez et al. 2009). The genus Enyalius Boulenger, 1885 is 
widely distributed throughout the Atlantic Forest, and the 


two species (E. iheringii, E. perditus) may occur sympatri- 
cally or allopatrically. Environmental disturbances seem to 
affect these two species differently, with the abundance of 
E. iheringii in sympatry being lower compared to the abun¬ 
dance of E. perditus, whereas E. iheringii, in allopatry, is ex¬ 
tremely abundant. The abundance of species may indicate 
greater reproductive success in certain locales, and to the 
contrary, if the abundance of individuals is not as expect¬ 
ed, it suggests that one species is favoured (Liou 2008). 
Furthermore, tracking lizards using thread-bobbins, Liou 
(2008) found that E. iheringii has a relatively small home 
range, even over large time frames, suggesting territorial¬ 
ity and high fidelity to the living area, i.e., it remains in the 
fragments after disturbances and this might explain why 
we did not find meaningful responses. 

Most reptile species are confined to remnant vegeta¬ 
tion because they do not use the local matrix (M. Dixo un- 
publ. data) and there is convincing evidence of the impacts 
of grazing, roads, and the shape of the remnants on them 
(Forman & Alexander 1998, Treweek 1998, Driscoll 
2004). In another study carried out in Australia, Dris¬ 
coll (2004) found combined effects of the ‘landscape ele¬ 
ments’ (shape, management, and vegetation) that affected 
the distribution of reptiles depending on the species and 
that, despite the apparent connectivity in an agricultural 
landscape, the management of remnant vegetation had 
fragmented populations of reptiles, reducing the amount 
of available habitat and contributing to its decline. 

Information about home range and use of vertical strata 
of the forest generates important data sets on the spatial re¬ 
quirements of species that live in priority areas for conser¬ 
vation. In that sense, researches that address these issues 
may help to understand the vulnerability of the leaf-litter 
lizard community to processes of fragmentation and habi¬ 
tat loss in areas in the domain of the Atlantic Forest. 
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